EEPROM CELL USING CONVENTIONAL PROCESS STEPS 



TECHNICAL FIELD OF THF TNVF^jn ft 

This invention relates in general to the field of 
electronic devices, and more particularly, to an EEPROM 
cell that may be manuf actured using conventional process 
steps • 
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BACKGROUND OF THF TNyTTOTTOfJ 

The manufacture " and use of EEPROMs (Electrically 
Erasable Programmable Read Only Memory) is well developed 
and understood. EEPROMs provide a very convenient form 
5 of nonvolatile memory that can be programmed, erased, and 

reprogrammed several thousand times. 

EEPROM cells are typically, formed from a single 
metal oxide semiconductor (MOS) transistor on a 
semiconductor substrate. This transistor usually 

10 includes a layer of polysilicon associated with the gate- 

oxide layer of the transistor. This structure forms a 
capacitor comprised of the polysilicon layer (first 
plate) , gate-oxide layer (dielectric) , and substrate 
(second plate) . The basic goal of an EEPROM cell is to 

15 provide a mechanism for placing on or removing from the 

polysilicon layer charge. The presence or absence of 
charge on the polysilicon layer associated with the gate 
determines the digital value of the cell, i.e., a "1" or 
a "0", respectively. 

2 0 The placement and removal of the charge from the 

polysilicon layer requires a source of electrical charge 
be provided in the vicinity of the polysilicon layer. 
Several techniques have been previously developed to 
provide such structures. These include the use of two 
25 layers of polysilicon as described in U.S. Patent No. 

4,342,099, issued to Kuo, entitled Electrically Erasable 
Programmable MNOS Read Only Memory, and U.S. Patent 
No. 4,554,643, also issued to Kuo, entitled Electrically 
Erasable Programmable MNOS Read Only Memory, both of 

3 0 which are assigned to the assignee of the present 

application. These patents are expressly incorporated by 
reference for all purposes herein. 

Another approach utilizes a single layer of 
polysilicon with a thin layer of N+ material diffused 
35 into the substrate in the polysilicon and gate-oxide 
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region prior to the formation of the polysilicon and 
gate-oxide layers. The thin layer of charged or doped 
material below the gate-oxide allows charge to tunnel 
through the oxide layer and deposit on the polysilicon 
5 layer during programming. Because of the tunneling 

effect, this "charge layer is often referred to as the 
"TUNL" layer. This EEPROM cell has three components, two 
TUNL capacitors, and an NMOS transistor. One plate of 
each of the TUNL capacitors and the gate of the NMOS 

10 transistor are a blocking piece of polysilicon during the 
formation of the transistor. 

Overall, EEPROM cells have proven to be a very 
reliable and versatile form of nonvolatile reprogrammable 
memory. This versatility has contributed to the use of 

15 EEPROM cells in devices other than memory devices. For 

example, EEPROM cells have been used in mixed signal 
(analog and digital) devices as part of "trimming 
circuits." Using EEPROM cells in such devices requires 
that the cell only be programmed a few times, usually at 

20 final test, as opposed to requiring programming 

capability several thousand times for a standard EEPROM 
cell used in a memory device. 

EEPROM cells used in non-memory devices are 
typically built on a semiconductor substrate that also 

25 contains standard CMOS transistors. Because of the 

structural differences between standard CMOS transistors 
and EEPROM cells, additional processing steps are 
required to form the EEPROM cell and the CMOS transistor 
on the same substrate. These additional steps may add 

3 0 significant cost and time in fabricating the device, 

often adding as much as 25% more expense to the circuit's 
fabrication costs. Faced with ever increasing demands 
for higher yields, at lower cost, with quicker turnaround 
times, these additional processing steps required to 
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build an EEPROM cell on a substrate along with standard 
CMOS transistors may be unacceptable • 
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SUMMARY OF THE TttVTTJTTflN 

Therefore, a need has arisen for an EEPROM cell and 
method of manufacture that uses conventional process 
steps . 

5 In accordance with the present invention, an EEPROM 

cell formed using conventional process steps is provided 
that substantially eliminates or reduces disadvantages 
and problems associated with using EEPROM cells and CMOS 
transistors on a single wafer. 

10 One aspect of the present invention provides an 

EEPROM cell formed on a substrate having an outer 
surface. The cell includes first and second conductive 
regions in the substrate below the substrate's outer 
surface, and the first and second conductive regions are 

15 laterally displaced from one another by a predetermined 

distance. The cell also includes an insulating layer 
outwardly from the outer surface of the substrate 
positioned so that its edges are substantially in 
alignment between the first and second conductive 

20 regions. The cell further includes a floating gate layer 

outwardly from the insulating layer and in substantially 
the same shape as the insulating layer. The cell also 
includes a diffusion region that extends laterally from 
at least one of the first and second conductive regions 

25 so as to overlap with the insulating layer. The 

diffusion region provides a source of charge for 
placement on the floating gate layer when programming the 
EEPROM cell. 

Another aspect of the present invention provides a 
30 method for forming an EEPROM cell on a substrate having 

an outer surface. The method includes forming first and 
second conductive regions in the substrate below the 
substrate's outer surface with the first and second 
conductive regions laterally displaced from one another 
35 by a predetermined distance. The method also includes 
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forming an insulating layer outwardly from the outer 
surface of the substrate that is positioned so that its 
edges are substantially in alignment between the first 
and second conductive regions. The method also includes 
forming a floating gate layer outwardly from the 
insulating layer and in substantially the same shape as 
the insulating layer. The present method also includes 
forming a diffusion region that extends laterally from at 
least one of the first and second conductive regions so 
as to overlap with the insulating layer. The diffusion 
region provides a source of charge for placement on the 
floating gate layer when programming the EEPROM cell. 

Another aspect of the present invention provides an 
EEPROM cell formed on a substrate having an outer 
surface. The cell includes a deep conductive region in 
the substrate below the substrate's outer surface. The 
cell also includes first and second conductive regions in 
the substrate below the substrate's outer surface, and 
the first and second conductive regions are laterally 
displaced from one another by a predetermined distance. 
The cell includes an insulating layer outwardly from the 
outer surface of the substrate positioned so that its 
edges are substantially in alignment between the first 
and second conductive regions. The cell further includes 
a floating gate layer outwardly from the insulating layer 
and in substantially the same shape as the insulating 
layer. The deep conductive region provides a source of 
charge for placement on the floating gate layer when 
programming the EEPROM cell. 

Yet another aspect of the present invention provides 
a method for forming an EEPROM cell on a substrate having 
an outer surface. The method includes, forming a deep 
conductive region in the substrate below the substrate's 
outer surface. The method also includes forming first 
and second conductive regions in the substrate below the 
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substrate's outer surface with the first and second 
conductive regions laterally displaced from one another 
by a predetermined distance. The method further includes 
forming an insulating layer outwardly from the outer 
surface of the substrate positioned so that its edges are 
substantially in alignment between the first and second 
conductive regions.. The method also includes forming a 
floating gate layer outwardly from the insulating layer 
and in substantially the same shape as the insulating 
layer. The deep conductive region provides a source of 
charge for placement on the floating gate layer when 
programming the EEPROM cell. 

The present invention provides several technical 
advantages. An important technical advantage of the 
present invention is that it provides an EEPROM cell and 
method of manufacture that uses standard CMOS processing 
techniques. This results in an EEPROM cell that provides 
reliable programming for its application. This EEPROM 
cell and method of manufacture uses standard CMOS 
processing steps, eliminating the need for special and 
additional processing steps required when EEPROM cells 
and CMOS transistors are placed on a single substrate. 

An additional technical advantage of the present 
invention is that it provides an EEPROM cell and method 
of manufacture that provides a cost savings over previous 
process steps for manufacturing EEPROM cells and standard 
CMOS transistors on a single substrate. 

Another technical advantage of the present invention 
is that it reduces the processing time for forming an 
EEPROM cell on a semiconductor substrate that also 
contains standard CMOS transistors. 
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BRIEF DESCRIPTION O F THE nPAWTres 

For a more complete understanding of the present 
invention and advantages thereof, reference is now made 
to the following description taken in conjunction with 
5 the accompanying drawings, in which like reference 

numbers indicate like features and wherein: 

FIGURES 1A through 1C illustrate in cross-section 
the formation of an EEPROM cell embodying concepts of the 
present invention; 
10 FIGURE 2 shows a top view "snake" layout of the 

polysilicon layer in N-type material for the present 
EEPROM cell; 

FIGURE 3 illustrates a top view "comb" layout of the 
polysilicon layer in N-type material for the present 
15 EEPROM cell; 

FIGURE 4 provides a top view "fishbone" layout of the 
polysilicon layer in N-type material for the present 
EEPROM cell; 

FIGURE 5 depicts a top view "waffle" layout of the 
20 polysilicon layer in N-type material for the present 

EEPROM cell; and 

FIGURE 6 shows in cross-section an alternative 
configuration of the present EEPROM cell employing a 
deep-N diffusion. 
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DETAILED DESCRIPTION OF THE INVENTION 

Preferred embodiments of the present invention are 
illustrated in the figures, like numerals being used to 
refer to like and corresponding parts of the various 
drawings . 

Standard EEPROM cells typically include a 
polysilicon layer outwardly from a gate-oxide layer, 
which is outwardly from the semiconductor substrate. 
Typically, the thickness of the gate-oxide is very thin, 
generally on the order of, for example, 100 A. This thin 
gate-oxide layer allows charge from the substrate to be 
deposited and removed from the polysilicon layer, i.e., 
programmed, several thousand times without suffering any 
degradation in the programmability of the cell. As the 
thickness of the gate-oxide increases, however, the 
ability to remove and place charge on the polysilicon 
layer through the oxide layer decreases, which, in turn, 
affects the reliability of the device. Because of the 
thickness of the gate-oxide layer in an EEPROM cell is 
directly related to the reprogrammability of the EEPROM 
cell, this thickness is very important. The thicker the 
gate-oxide level, the less times the cell may be 
programmed, and conversely, the thinner the gate-oxide 
layer, the more times the EEPROM cell may be programmed. 

As previously mentioned, standard CMOS transistors 
also have a gate-oxide layer. In standard CMOS 
processing techniques, the gate-oxide layer is typically 
on the order of 20oA, which is significantly thicker than 
the gate-oxide layer used for forming a standard EEPROM 
cell. Therefore, an EEPROM cell formed with the standard 
thicker CMOS gate-oxide layer can be programmed reliably 
only a limited number of times as compared to standard 
EEPROM cells. Fortunately, certain applications of 
EEPROM cells, for example, as trimming circuits as 
previously described, require only a few programming 
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cycles be available from the EEPROM cell. Therefore, 
since a fewer number of programming cycles is required in 
such applications, the EEPROM cell may be fabricated 
using standard CMOS processing techniques and results in 
an EEPROM cell having a thicker gate-oxide layer than for 
conventional EEPROM cells. The present invention, 
therefore, provides the advantages of an EEPROM cell 
while using standard CMOS processing techniques and does 
not require additional processing steps to form the 
EEPROM cell. 

FIGURES 1A-1C illustrate an EEPROM cell and method 
of manufacture using conventional CMOS processing steps. 
FIGURE 1C shows completed EEPROM cell 10. EEPROM cell 10 
includes first conductive region or source 12, second 
conductive region or drain 14, and back -gate 16 formed in 
semiconductor substrate 18. Like most EEPROM cells, 
EEPROM cell 10 includes a programming structure 
comprising an insulating layer or gate-oxide 20 and 
floating gate layer of polysilicon layer 22, both of 
which are formed outwardly from semiconductor substrate 
18. Hereinafter, the first conductive region will be 
referred to as source 12, the second conductive region 
will be referred to as drain 14, the insulating layer 
will be referred to as gate-oxide 20, and the floating 
gate layer Will be referred to as polysilicon layer 22, 
it being understood that these names are not intended to 
limit the scope and spirit of the present invention. 

EEPROM cell 10 is programmed by placing a charge on 
polysilicon layer 22. In order to apply a charge to 
polysilicon layer 22, a voltage is applied to polysilicon 
layer 22, causing the attraction of charge to layer 22. 
By reversing the potential applied to polysilicon layer 
22, the charge may be removed from layer 22. This also 
requires that a source of charge be provided from the 
structures below gate-oxide 20. 
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In the EEPROM cell 10 of the present invention, the 
N+ regions of source 12 and drain 14 provide the source 
of charge for the programming of EEPROM cell 10. As 
shown in FIGURE 1C, source region 12 includes diffusion 
5 regions 24, and drain 14 includes drain diffusion regions 

26. These N+ regions extend from source 12 and drain 14 
under gate-oxide layer 20 and polysilicon layer 22 and 
provide a source of charge for deposit on polysilicon 
layer 22. By providing charge from source diffusion 

10 region 24 and drain diffusion region 26 in EEPROM cell 
10, the need for forming a separate layer capable of 
providing the charge is eliminated, and thereby minimizes 
the cost and time associated with the formation of EEPROM 
cell 10 over conventional EEPROM cells. 

!5 FIGURE 1A illustrates a starting point for the 

manufacture of EEPROM cell 10 of the present invention. 
The starting material is, for example, a wafer of P-type 
monocrystalline silicon typically 8inches in diameter and 
20mils thick, but on the (l00> plane, of a resistivity of 

2 0 about 14ohm-cm. The portion of polysilicon substrate 18 

shown in the FIGURES is only a very small part of 
substrate 18. After appropriate cleaning, gate-oxide 
layer 2 0 is formed outwardly from surface 28 of substrate 
18 using conventional processing techniques. The 
25 thickness of oxide layer 30 is on the order of, for 

example, loo A. Using appropriate lithography and 
oxidation techniques, gate-oxide layer 20 is formed of 
desired width 32. Width 32 of gate-oxide layer 20 is 
typically on the order of, for example, Imicron or 

3 0 smaller. 

It is noted that the formation of gate-oxide layer 
2 0 of EEPROM cell 10 may be formed concurrently with the 
formation of the gate-oxides of standard CMOS transistors 
also located on substrate 18. This eliminates the need 
3 5 for special processing steps that were required to build 
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conventional thinner, gate-oxid EEPROM cells on the same 
substrate . 

Next, .polycrystalline layer 34 is deposited 
outwardly from substrate surface 28 and gate-oxide layer 
5 surface 3 0 over the entire exposed surfaces. The 

thickness of polycrystalline layer 34 varies from, for 
example, on the order of 100 to 200 A over gate-oxide 
layer 20 and up to on the order of 5, OOoA over the 
remainder of substrate surface 28. The top surface 36 of 
10 polycrystalline layer 3 6 may then be planar ized using 

standard planarization techniques to ensure that surface 
3 6 is planar. 

Next, poly silicon layer 34 must be patterned using, 
conventional photolithographic techniques. A photoresist 

15 layer is deposited on surface 3 6 of polycrystalline layer 

34, masked, exposed, and developed, leaving a desired 
pattern on polycrystalline layer 34. Then, using an 
appropriate etching technique, the unmasked, 
polycrystalline silicon is etched away, resulting in the 

2 0 gate-oxide layer 2 0 and polysilicon layer 22 structure 

shown in FIGURE IB. 

FIGURE IB shows polycrystalline layer 34 having 
source opening 38 and drain opening 40, which provide a 
key feature to the formation of EEPROM cell 10 of the 

2 5 present invention. With openings 3 8 and 40 formed in 

polycrystalline layer 34, a self-aligning region for the 
diffusion of N-type material to form source 12 and 14 is 
provided by polysilicon layer 34. This eliminates the 
necessity for additional masking steps for the formation 

3 0 of these N+ regions. 

The N+ regions may be formed by diffusing an N-type 
material, such as phosphorous, through . openings 38 and 40 
through substrate surface 28 and into substrate 18. High 
concentrations of N-type material, on the order of, for 
3 5 example, 1 x 10 16 to 1 x 10 18 cm' 3 should be used to form 
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source 12 and drain 14 regions. By allowing the 
diffusion of N+ regions 12 and 14 to proceed a sufficient 
amount of time and by using a high concentration of N- 
type diffusion material, this N+ material of regions 12 
and 14 will diffuse laterally under polysilicon layer 34, 
forming source diffusion regions 24 and drain diffusion 
regions 26 as described in discussions relating to 
FIGURE 3C. It is noted that diffusion regions 24 and 26 
may be formed in a separate process step to or 
simultaneously with the formation of source 12 and drain 
14. Additionally, it is noted that cell 10 may be built 
with one of diffusion regions 24 and 26 provided 
sufficient lateral diffusion from the one region occurs. 

As previously stated, width 32 for gate-oxide layer 
20 and polysilicon layer 22 is typically on the order of, 
for example, lmicron. Using appropriate diffusion 
concentrations, temperatures, and time, source diffusion 
region 24 and drain diffusion region 26 will each diffuse 
underneath gate-oxide 20 and polysilicon layer 22 on the 
order of, for example, up to .4microns from each region. 
This results in an N+ region under gate-oxide layer 20 
and polysilicon layer 22 of sufficient area to provide 
the charge for programming polysilicon layer 22 when 
necessary. 

Next, and returning to FIGURE IB, P+ region 16 for 
back-gate 16 is formed. . This is accomplished by an 
appropriate masking, exposing, developing, and etching 
process through polysilicon layer 34, followed by the 
diffusion of a P+ material, such as boron at a 
concentration on the order of, for example, I x 10 18 cm' 3 
into substrate 18. once P+ region 16 is formed in 
substrate 18, the structure shown in FIGURE IB is 
complete. 

FIGURE 1C, as previously described, shows completed 
EEPROM cell 10. Following the formation of the 
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structures shown in FIGURE IB, field oxide layer 44 is 
formed outwardly from surface 30 of polysilicon layer 34, 
source 12, drain 14, and back-gate P+ contact 16 using 
standard techniques. This field oxide layer is then 
appropriately patterned and removed using standard 
photolithography techniques resulting in the desired 
openings in field .oxide layer 44. These openings allow 
source metal layer 46, drain metal layer 48, and back- 
gate metal layer 50 to be formed outwardly from and 
through field oxide layer 44 to make contact with source 
12, drain 14, and back-gate 16, respectively. 

Important to the formation of EEPROM cell 10 in 
FIGURE 1 are source diffusion regions 24 and drain 
diffusion regions 26. It is important that these regions 
extend laterally far enough under gate-oxide layer 20 and 
polysilicon layer 22 so that a sufficient amount of 
charge is provided to or removed from polysilicon layer 
22 during programming. In order to ensure the required 
amount of lateral diffusion in source diffusion region 2 4 
and drain diffusion region 26, it is important to 
maximize the edge length of polysilicon layer 22 and 
gate-oxide layer 20 with respect to the N+ regions of 
source 12 and drain 14. This can be accomplished by 
several methods, which basically involve forming gate- 
oxide layer* 20 and polysilicon layer 22 in a pattern that 
increases the amount of edge length of these layers with 
respect to the N+ regions of source 12 and drain 14. 

FIGURE 2 shows snake pattern 52 for polysilicon 
layer 22 in a top-view of a portion of EEPROM cell 10. 
It is noted that gate-oxide layer 20 in formed below 
polysilicon layer 22, and generally matches the pattern 
of polysilicon layer 22. The portion of EEPROM cell 10 
shown in FIGURE 2 includes metal contact to polysilicon 
54 and metal contact to N+ 56. Contact 54 is used to 
provide a voltage to polysilicon layer 22 during 
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programming. Metal contact to N+ 56 corresponds to . 
either source metal layer 46 or drain metal layer 48 as 
shown in FIGURE 1C. 

For a typical process step where polysilicon width 
32, as shown in FIGURE 1A, is on the order of lmicron and 
polysilicon spacing 55 is on the order of lmicron, the 
snake configuration of polysilicon layer 22 shown in 
FIGURE 2 has approximately 13 times more periphery than a 
square shaped polysilicon layer 22. This increase in 
edge periphery allows source diffusion region 24 and 
drain diffusion region 26 to provide a source of charge 
for the programming of polysilicon layer 22. 

FIGURE 3 shows an alternate configuration for 
polysilicon layer 22 in comb pattern 58. Additionally, 
15 FIGURE 4 shows another configuration for polysilicon 
layer 2 in fishbone pattern 60. 

FIGURE. 5 shows waffle polysilicon layer pattern 62 
formed outwardly from N-type region 57. Formed within 
waffle pattern 62 are N+ regions 64, which also provide 
charge for the programming of polysilicon layer 2 2 when 
in waffle pattern 62. 

It is noted that the pattern of polysilicon layer 22 
is not limited to those shown in FIGURES 2 through 5. 
The basic concept is to increase the edge periphery 
interface between polysilicon layer 22 and the N+ regions 
of the source 12 and drain 14 so that charge may be 
deposited on polysilicon layer 22 during programming. 

For the configuration patterns shown in FIGURES 2 
through 5, waffle pattern 62 typically provides the same 
or very slightly more periphery than snaked 52, comb 58, 
or fishbone 60 patterns and has the advantage that the 
capacitance formed by the polysilicon, gate-oxide, and N+ 
region is not distributed down a long length of 
polysilicon layer 22. Fishbone pattern 60 optimizes the 
35 polysilicon and N-type resistances and interfaces. 
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FIGURE 6 shows an alternate embodiment for the 
present EEPROM cell that may be formed using conventional 
process steps. EEPROM cell 66 is nearly equivalent to 
EEPROM cell 10 as shown in FIGURES 1A through 1C, and has 
gate-oxide layer 20 and polysilicon layer 22 that may be 
formed using conventional CMOS processing and techniques. 
This provides EEPROM cell 66 with the same advantages 
previously noted for EEPROM cell 10. 

In order to provide a source of charge for 
polysilicon layer 22, deep-N diffusion region- 68 is 
formed prior to the formation of the structures of EEPROM 
cell 66 as the first step in the processing of substrate 
18. Deep-N region 68 may be formed using typical power 
CMOS processing to diffuse an N-type material, typically 
phosphorous at a concentration on the order of, for 
example, 1 x 10 16 cm' 3 and extends generally on the order 
of 7 microns into substrate 18. Once deep-N region 63 is 
formed, the remaining structures of EEPROM cell 66 may be 
fabricated using standard semiconductor processing 
techniques as was previously in discussions relating. to 
FIGURES 1A through 1C. 

The present EEPROM cell and method of manufacture 
provide several technical advantages. A key technical 
advantage of the present EEPROM cell and method of 
manufacture' is that it may be formed using standard 
semiconductor processing techniques. This allows the 
EEPROM cell to be formed on a substrate that also 
contains standard CMOS transistors without the need for 
additional processing techniques or steps. This helps 
minimize the cost and processing time of the EEPROM cell. 
An additional technical advantage of the present EEPROM 
cell and method of manufacture is that it results in an 
EEPROM cell that provides reliable programming 
capability. 
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Although the present invention has been described in 
detail, it should be understood that various changes, 
substitutions, and alterations can be made hereto without 
departing from the spirit and scope of the invention as 
defined by the appended claims. 
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